In the framework of marine ecosystem evaluation, this study was carried out where sediment microorganisms were collected bimonthly from 16 sites over one year in the western coast of Alexandria. This area comprises different human activities (urban sewage, agriculture irrigation, industrial wastes, petroleum spill, tourist stress, fishing and commercial navigation). Macrobenthos communities are well indicators of water and sediment quality. Bottom invertebrate's diversity, comparison of benthos communities at different sampling sites and the biomass were determined as well as the numerical abundance of benthos in comparison to the different environmental parameters. Discharging of chemical pollutants in coastal waters leads to significant degradation in the water quality that altered the macro invertebrates' diversity indices. The most western sites are less stressed area indicating low diversity rather than the stressed area close to the main sources of pollutants discharge that has relatively high pollution and generally with good diversity. The benthic communities are dominated by few species of pollution tolerance which are used as indicators of polluted sediments such as free-living nematodes and polychaetes. The regional distribution of benthic invertebrate's communities varied at different sites and over the period of collections that total abundance ranged from 959 to 8444 ind./m 2 with an annual average of 3072 ind./m 2 and seven benthos groups can be sequenced as follows: Nematodes 46% > polychaetes 22% > amphipods 13.8% >cirripedes 4.8% > oligochaetes 4% > gastropods 3.0% > bivalves 1.5%. On the other hand, biomass of benthic structure has an annual average of 155 g/m 2
INTRODUCTION
Coastal developmental evaluation at the western side of Alexandria, at the south eastern region of the Mediterranean Sea, has attracted little attention in particular to the effects of industrial, tourist activities and marine transport on the physical, chemical and biological parameters of water quality and fish population. Recently, due to increasing of human activities, the marine ecosystem is threatened by the direct effects of the public and private resort beaches, marine transport, along the Western and El Dehkela Harbors, fish vessels, irrigation and industrial discharges through El Amom and Nobaria drains. These areas received a large input of nutrients, sediment and organic matter from the different pollutant sources but limited primary production from benthic microalgae and water column phytoplankton. Some benthic fauna are adapted to response to pollution due to organic enrichment but many species are immigrating to avoid prolonged exposure. The presence of any species in any area is dependant on its tolerance to those environmental variables since considerable spatial and temporal variations occur within estuarine and coastal sedimentary areas. Benthic communities used as biological indicators for the impact of human activities (Rees et al., 2005; Borja and Muxika, 2005) . The eutrophication and hypoxia/anoxia (Rumohr, 2005) are acute threats to Baltic biota, and the benthic communities due to sharp environmental gradients and the increasing anthropogenic influences. Organic matter in sediments is a source of food for benthic fauna (Shine, 2005) higher levels can cause reduction in biodiversity indices. The area located close to the outfall of the main drains are characterized by having distinct eutrophication leading to significant increase in the species richness and mean abundance of benthic communities of the tolerant species.
In general, the benthos community is becoming an important item in studying of aquatic food webs which represent a good indicator for the impact of pollution on the aquatic ecosystem. The seas have been considered a dependable provider of protein -rich food and can be able to provide all the food for humanity needs. The occurrence of the bottom living organisms of both the infauna and epifauna providing well information about the feeding habits of other members of living organisms as a food source for fishes in particular, and to extend our knowledge of trophic interaction in the sea. The effect of hydrobiological disturbances is either biotic or abiotic factors on the composition, abundance, and distribution of species within benthic communities where the infauna and epifauna have wider range of tolerance than the mobile fauna. Thus, the mobility of benthic communities may be an adaptation to unstable substrata and frequent hydrologic disturbance. Abiotic disturbance related to the application of a damaging physical factor to the habitat of a population community or ecosystem (Lake, 2000) . This includes any biotic factor which causes physiological stress to organisms but does not necessarily reduce the number of individuals (Thomson et al., 2002) . The responses of benthos to disturbance of environmental conditions are clearly important and there is simple relationship between their relative tolerance and pollutants impacts. The confounding effects of pollution on the regional and spatial distribution of macro benthos as reported in numerous studies, can predict with confidence the relative impacts of the abiotic conditions through field surveys to estimate various biodiversity indices.
Nutrient discharged substances from sewage, industrial wastes and irrigation drainage (e.g. El Amom drain discharged 144-284 x 10 6 m 3 monthly) are not recycled, flow into the sea causing dense plankton bloom. This bloom sinks to deeper waters to be decomposed, requiring oxygen and may become anoxic. On the other hand, many marine organisms have the ability to concentrate certain levels of chemical pollutants inside their bodies. Particularly plankton organisms do so and those feeding on them. Therefore, these chemicals are concentrated once again to kill the secondary producers as birds and fish for human consumption. Oils may be toxic to aquatic life when ingested or absorbed through skin or gills, interfere with respiratory function of aquatic communities, degrading habitats and bathing beaches. Nevertheless, much oil is liquid, but gaseous hydrocarbons are volatile or easily degraded and mostly disappear from the aquatic system, while some may persist in the water column or in sediment. Heavy metals are stable and persistent as environmental contaminants, which cannot be degraded and tend to accumulate in the soils and sediments. High levels of metals in marine ecosystem affect on marine biota (seaweeds, benthic invertebrates) causing high mortality to fish, shrimps, and larvae of many kinds which feed on plankton and cause risk to human consumers of seafood.
The objective of macro-benthic distribution studies in this area is to determine bottom invertebrate's diversity, comparison of benthos communities at different sampling sites and the biomass as well as the numerical abundance of benthos in relation to the different environmental parameters. The main aim is to predict the effectiveness of different environmental impacts, regulations, and incentives in reducing the ecological risks and consequently of sedimentation to coastal regions. The main problem of sedimentation in coastal waters is the degradation of water quality, as it alters the habitat for fish and macro invertebrates, limits the ecosystem functions and services and reduces the aesthetic and economic values of coastal regions. The benthos data analyses of their species composition, density abundance, and biomass will be compared with the available parameters of the water quality and the sediment structure.
MATERIAL AND METHODS

Area of Study
This area is usually subjected to different kinds of human activities hence receiving large amount of fresh water coming from many drains mixed with the polluted water drained through different waste products such as industrial products and other pollutants discharged into the sea without any kind of treatment. Sixteen sites were selected to represent different habitats along the inshore region as shown in Fig. 1 
Fieldwork
Bottom samples for benthic community analysis were taken bimonthly at 16 sites by using a grab bottom sampler sized 13 x 18 cm (equivalent to 0.023 m 2 ). The sampling was carried out during March 2005, May, July, September, November and January 2006. The bottom sediments sample at each site was partially sieved through a 500 um sieve and the residue was preserved in containers with capacity one liter in 5-10 % formalin for later taxonomic identification and enumeration.
Laboratory work
The sample was washed through a sieve with 0.2 mm and all sorted animals were identified to the lowest possible taxonomic level by microscopical investigation under a stereomicroscope (20x 40x). The numerical density of the bottom fauna was expressed as the number of individuals/m 2 , while the corresponding wet weight was expressed as the wet weight in gram /m 2 .
Statistical Analysis
Data analyses were carried out to calculate the diversity indices with Excel spread sheet and statistical analysis were performed with Minitab 14 and the Primer v5 package. These analyses were carried out on species composition structure of each site, the numerical number of benthos assemblages in addition to the biomass of the main fauna groups or species of benthos. The changes in the diversity of benthic structure over the time and sites were determined as follows: a) The species diversity was calculated, using logarithms to the base `e` in the calculations, as the Shannon-Weaver (1949) index H` = -∑ Pi log e Pi where Pi = proportional of a sample of individuals belonging to species i b) Pielou`s Evenness index (1966) was calculated using the following equation: J = H` / loge S where S number of species. c) Swartz's dominance index, which measured the number of species whose combined abundance; comprised 75% of the total sample abundance. According to PTI 1993, the values less than 5 usually indicate a stressed community (PTI, 1993 as cited by Laetz, 1998) . d) the analysis of variance (ANOVA) were computed by using simple linear regression between the variables at sampling sites (abundance, biomass, H`, number of species, main benthos groups) and physio-chemical variables of seawater and sediments (Ni, Mn, Fe, Cu, Zn, Pb, Cd, NH 3 
RESULTS
Species composition
At the different sampling sites, a great variation was noticed in the structure of bottom fauna as will as over the period of collections. The general structure of the bottom fauna is composed mainly from calcareous shells of molluscs, barnacles, and tubeworms. The living forms included mainly 18 groups and 80 species as listed in Table (1). 
Regional Distribution of macro benthos Abundance
It is more reliable to compare the numerical abundance and percentage showing different benthic community groups at the sampling sites of the study area. The regional distribution of benthic invertebrate's communities over period of collections indicated that the total abundance ranged from 959 to 8444 ind./m 2 , with an annual average of 3072 ind./m 2 as listed in Table ( 2) and graphically illustrated in Fig. 2 . Seven predomination benthic groups of 18 groups are as following: -Free-living nematodes; the dominant benthic group at all sites, representing 43.6% of the total benthic numerical abundance, was minimal of 336 ind./m 2 at site 16, moderate 500-1000 ind./m 2 at sites 5, 10, 12 and maximal 1000-2500 ind./m 2 at the rest of sites in the eutrophic area close to pollutant outfalls (El Amom and Nobaria drains). -Oligochaetes; were recorded at most sites except at sites 8, 12, 15, representing only 4%, but highly recorded at sites 1, 2, 5, 7, 9, 14 that varied from 100-500 ind./m 2 . -Polychaetes; the 2 nd dominant benthic group and were found at all sites, representing 22%, predominated at high eutrophic area close to the outfalls (sites 1, 2, 4, 5, 7, 8, 9, 10, 11, 13) ). The abundance of macro benthos organisms at different sampling sites in the seawater ranked in the following sequence: Nematodes 46% > polychaetes 22% > amphipods 13.8% >cirripedes 4.8% > oligochaetes 4% > gastropods 3.0% > bivalves 1.5%. In general, the abundance of macro-benthos organisms at the areas in front of the two main drains namely El Amom (sites 2, 3, 4) and Nobaria (sites 7, 8, 9, 10) contributed the greatest annual average. The average abundance of benthos at the former drain attained 4373 ind./m 2 and at the latter drain reaching, 3542 ind./m 2 , representing respectively 26.5% and 29% of the total annual average of benthos at the study area, whereas the corresponding average biomass yielded 12.5 g/m 2 (1.4%) at El Amom area and 256 g/m 2 (41.7%) at Nobaria area.
Biomass
The biomass of algae and living calcareous forms as barnacles, gastropods, bivalves, and polychaetes showed the largest intensity. Biomass of benthic communities revealed significant differences at sampling sites as shown in Table ( while the highest biomass was recorded in September (66% with biomass and 11% with account number). 
Species number (S)
At the different sites, the general structure of species number of benthos groups emphasized that Polychaeta were the most common, comprising 26 species of a total number of 80 taxa as shown in Table (1). It was followed by Bivalvia (10 species), algae and gastropods 7 species, isopods and decapods 6 species, bryozoans 5 species, amphipods 4 species, and cirripedes 4 species. As shown in Table ( 2) and Fig. 2 , the highest number of species was 15 at sites 1, 6 in March and January, 13 species at sites 5, 10 in November and January and 12 species at site 9 in September. At most sites over time, the number of species varied from one to 10 species.
Species diversity (H`)
In general, species diversity index was relatively high in particular at site 1 in March, at sites 6 & 10 in May, at sites 9 & 6 in July, at sites 1 & 9 in September, at sites 5 & 9 in November and at sites 4, 6, 10 in January as shown in Table ( 2) and Fig. 2 . The estimated values of the species composition diversity at the study area revealed that the high species diversity of benthos is greatly related to the number of species and numerical abundance of individuals. The values of species diversity (H`) were relatively moderate (1.3 -2.02) at most stations with low diversity at site 7 (0.9).
On the other hand, the species diversity was only 1.6 at site 2 though it was the richest which might be attributed to the number of species, which the dropping of diversity is primarily attributed to the uneven distribution of individuals among species. The general picture of the benthos community's diversity at the sampling sites by using the total average benthic groups as shown in Fig 3, illustrating that sites 1, 6, 9, and 10 show high diversity.
Evenness (J`) and Richness (d)
Values of evenness and richness indices were significantly high only at sites 3, 14, 16 ( Table 2 ). As shown in Fig. 3 , these values were calculated by using the annual average data which revealed that the richness was high (> 1) at sites 1, 9, 10, 6 while the evenness value index was about 0.8 at only site 7. 
Swartz's index
Swartz's dominance index, which measured the number of species whose combined abundance comprised 75% of the total sample abundance (if index value > 5 indicating that the area has stress community). As shown in Table ( 2) the Swartz's dominance index values ranged from one to six at the sampling sites, where most western sites were significantly of less stress than the previous sites. Site 1 in March, site 9 in September, site 5 in November and sites 4, 6, 10 in January were relatively of less stress with high diversity and number of species.
Abundance-Sites and diversity index Clustering
Dendrograms based on Euclidean distances for clustering of 16 numerical density variables of all benthos collected at the different sites is shown in Fig. 3B .
The highest similarity was noticed between the group site 5 and one class includes sites 4, 8. Group 2 includes two sites 1, 6. Group 3 includes three sites 12, 13, 15, where the remaining sites were of low similarity. Fig. 3A indicates the clustering analysis of the diversity indices of benthic communities at different sites, indicating that diversity H` index is clearly influenced by number of species, richness (d) index and evenness (J`) index. The similarity of benthic groups (Fig. 3C) was high between polycheates and nematodes. 
Linear regression analysis
Statistical analysis showed significant correlation between some of the chemical parameters in sediment and seawater with the data of the bottom fauna. Square matrix at the 95% confidence was used. Pearson correlation coefficient (r) at P level < 0.05 measuring the significance of the various environmental parameters are shown in details in Table (4) 
DISCUSSION
During the present work along the western coast of Alexandria (ca 60 km) from the western harbour to the Marbilla village, great variations and instability in the substrata of biota were reported. Then interaction within stable ``benthos patches `` may involve a large proportion of surviving individuals. If surviving benthic mobile individuals are concentrated in stable ``benthic patches`` (either through active refuge seeking or because survival is higher in those ``benthic patches``), then impacts of benthic mobile individuals (either as predators or competitors for space) in those benthic patches may have a large influence on overall population at a large area. Monitoring and assessing environmental quality of coastal waters are greatly needed since the ecosystem and abundant communities are among the most sensitive indicators due to any stress factor. As regards to the terms of biological pollutants and biological pollution, have recently discussed the problem caused by invasions species (Boudoureque and Verlaque 2002) . A viewpoint, Elliott (2003) , mentioned that chemical pollution and pollutants leading to changes in populations, community, and ecosystem as well as due biological pollutants at all levels of biological organization (from cell to ecosystem). He also added that the sea's ability to degrade the sewagederived organisms via dilution, dispersion and killing potentially pathogenic gut microorganisms caused by long-sea sewage outfalls, as in many coastal developed areas. The present study indicates the stress of effluent of various pollutant sources in particular near the two-drainage areas (El Amom and Nobaria drains) flow directly into seawater. At these high entropic areas, the species diversity and benthic densities obviously remained relatively high, whereas at other sampling sites showing similarity complex results, with no simple relationships between disturbance intensity and pollutant impacts on bottom fauna.
The data analyses using diversity indices and total abundance indicated that sites having distinct eutrophic level were highly diverse and had more individual organisms than other sites. This is due to large number of polychaetes worms and free-living nematodes. The polychaete worms are infauna and feed on detritus and some are epifauna. They could be presented in high load of pollution when food is available. Physical and chemical properties of seawater and sediments greatly varied among sites and over time (NIOF, 2006) . There were significant correlation between diversity indices and some physiochemical parameters. At most sites, weak correlations were detected, indicating that the organic matter, Cu, Pb, Mn, SiO 4 , and salinity are possible factors controlling `and structuring the communities. The numerical abundance and biomass varied among sites and over the time, these indicated that the major taxonomic groups of benthos were not similar. However, the environment conditions at the coastal region near the sources of disturbances on marine ecosystem had enough stress on the structure of benthic invertebrates. At site 1 in March, site 10 in May, site 13 in July, site 10 in September, sites 5, 16 in November and site 6 in January, the biomass and numerical abundance were significantly higher than in all period of collections. However, no significant differences among the diversity indices, which indicated that the communities are unstable and possible factors, are total organic matter, heavy metals, and salinities at sampling sites. Correlation between diversity values, organic matter, Mn, Cu, SiO 4 and salinity, temperature indicating significant correlations and may be factors structuring controlled the benthic communities. The same situation observed at sites 1-10 where the occurrence of pollutants is not sensitive to the presence of oligochaetes, nematodes, polychaetes species. Dejonge et al. (1993) cited that increased pelagic production in coastal waters due to nutrient enrichment could benefit macrobenthic filter feeders, in shallow water by increasing the food supply. EIMP (2002) The present data analysis indicated that the distribution and abundance of macro benthos varied greatly due to the nature of the bottom and the distance from both the sources of pollution and the human coastal activity as reported by El Komi (1996 Komi ( , 1997 , El-Komi, and Beltagy (1997) . However, the varying degree of faunal affinity is related to the effect of current, land and sea barrier, temperature in inshore water, the duration and period of spawning and the duration of the planktonic larvae (Abott, 1966) . The distribution of animals and their species composition, according to Connell (1961) , depend upon the nature of substrata that is affected by the degree of competition for space. On the other hand, the substratum provides to be the ``Master Factor`` as suggested by Thorson (1960) as it is responsible for the settling of bottom invertebrates' larvae. The presence of bottom invertebrate predators is another factor affecting the composition of bottom fauna. Besides, the effect of prevailing environmental conditions influencing on the timing and duration of planktonic larval stages as reported by El-Komi (1996 , 1997 .
The levels of species abundance, diversity and productivity are the main variables that assess man's impact on the marine environment and are useful in configuring offshore area, where the biology of constituent species is not known. Further quantitative sampling and statistical analysis demonstrate the biological mapping for the spatial distribution patterns of different marine organisms. However, there was directional trend for benthic populations, which may have maximum impact at intermediate disturbance levels. This estimation for the impact of the environment was based on bottom sediments collections using van Veen grab sampler. So no consideration of ``benthic patches`` was taken which could increase the real biodiversity depending on the numerical abundance and species composition structure of various benthic populations within patches. The benthic mobile individuals at any case reflect the reliable effect of any disturbance on regional distribution of macobenthic communities at a certain ecosystem area. Thus this supports the possibility that encountered occurrence of some epi-and infauna inhabiting soft bottom show no record for ``benthic patches`` populations because of the difficulty of using van Veen grab bottom sampler to collect from hard bottom, so reduced that benthic fauna to be collected among the bottom sampling.
The numerical density of benthos per square meter was significantly lower (ranged annually from 959 ind./m 2 to 8444 ind./m 2 ), reflecting a general pattern of lower bottom invertebrates densities at the different sampling sites. These differences are mainly due to the structure of substrata, where there were no variations between the quality of sediment to the number and biomass of benthic groups. These results do not clearly support the impact of undesirable environmental conditions that explain the trend for reduced benthic biodiversity as the numerical abundance of benthic communities.
Furthermore, the experimental studies on the impact of different abiotic factors prevailing in the coastal region are needed besides the results of field surveys to determine the relative tolerant level where benthic densities were either unchanged or reduced in variable discharge of pollutants into seawater. These data can provide evidence of increased or decreased resistance rate of common benthic population in certain area of study in variable concentration of experimental treatments. Thus, the relative tolerant level of the discharged pollutants would remain constant and probably decline in variable treatment concentrations. In fact, a definite increase in discharged pollutants did not indicate significant reduction in benthic densities. On the other hand, this level of resistance to certain pollutant seems too varied greatly among different benthic species as well in different sites.
The sediment structure of the western coastal region under study differed at located areas from western harbor of Alexandria to Marbella resort village. This area has different depths extending from shallow water (1.5 -5.0 m) at sites 1, 7, 11, 14 & 16, to moderate depth (5.0-8.0 m) at sites 2, 4 & 8 and relatively deeper water (10-23 m) at sites 3, 5, 6, 9, 10, 12, 13 &15. The nature of bottom sediments is characterized by having sludge/plant fragments habitat at sites 1, 2 & 7; fine/coarse sand habitat at sites 3, 4, 5, 6, 8, 9 &10 and fine/calcareous sand habitat at sites 11, 12, 13, 14, 15 & 16. These variations in type of pollutants are due to the effluent having been discharged into the coastal area (e.g. ca 2.6 x 10 9 m 3 annually from El Amom drain). Therefore, the area located close to the outfall of the main drains are characterized by having distinct eutrophication level leading to significant increase in the species richness and mean abundance of benthic communities of the tolerant species distinguishing three communities:-sludge/plant fragment community of high biodiversity -fine/coarse sand community of moderate biodiversity -fine/calcareous sand community of low biodiversity.
The water quality and sediment structure have been changed due to outfall of different pollutants through the two main drains having distinct amount of untreated urban sewage, agriculture drainage and industrial wastes; hydrocarbon from SUMED petroleum transportation and waste product from commercial vessels and fishing boats beside military vessels in El Dekhela and western harbours. The study area shows organic enrichment at sites 1, 3-6, 9, 10, 13, 14; low salinity (less than 8%o) at sites 2, 7 with high SiO 4 and Pb content (NIOF, 2006) . In addition, Pb content was high at sites 1, 2, 3, 7, 8 while Cu was high at sites 1, 2, 3, 11. On the other hand, at sites 12, 15, 16 located not closed to the outfall does not show distinct enrichment in the chemical characters.
Sustainability of marine ecosystems that degrades their functioning can be related to: development of periodic and permanent hypoxia that may occur naturally; fishing pressure and eutrophication, dependant upon the hydrodynamics of the area studied. According to Rydberg (1982 Rydberg ( , 1984 in areas with low water exchange, high organic deposition, oxygen content below the halocline and about 1-2 m above the seabed were below 2 ml/l with hydrogen sulphide sometimes developing. Gray et al. (2002) suggested that under extreme eutrophic conditions where Oxygen falls to below 0.5 mg/l, sediments often become anoxic with redox potential discontinuity layer rising to near the surface and the consequent release of ammonia and hydrogen sulphide into water column and such changes are catastrophic for benthic and pelagic organisms.
The main disturbances in the study area concerning the coastal development impacts on macrobenthos included seabed disturbance by fisheries gear. According to QSR (2000) , the distribution of the macrofaunal communities reflect the nature of sediments, the depth of water and the latitude as expected as the influence of external factors, including human activities. Increased input of organic matter (from wood pulp waste and sewage sludge) is one of main consequence of eutrophication for benthos (Pearson and Rosenberg, 1978) . According to Nixon, (1995) eutrophication as an increase in the rate of supply of organic matter to an ecosystem, regardless of its source of origin may locally produce or import organic carbon. Macrobenthos communities as a result to eutrophication include changes in community structure and disturbance or death due to anoxic condition. Species numbers, abundance and biomass are usually reduced during hypoxia, but there are some exceptions (Diaz and Rosenberg, 1995, Gray et al., 2002) . The values of indicators of benthic changes for making management decisions at various scales (Quintino et al. 2006 ) are difficult of deriving and using qualitative and quantitative indicators from benthic communities in stable, and in moderately and highly variable environmental conditions in the estuarine, coastal and open sea habitats.
CONCLUSION
-The variations in the regional and monthly distribution of benthic fauna in the study area revealed that there are markedly variations.
-The area in front to the sources of pollution namely El Amom and Nobaria drains appeared with pronounced increase in the abundance and biomass of benthos population rather than at the western sector due to opportunistic species. -The data analyses indicated that the macro benthos was directly influenced by highly increasing levels of pollutants on the bottom. -In general, the present results indicate that the pollution in the different sites has more effect on the occurrence of macro benthos invertebrates. -Organic matter contents in seawater may be a factor structuring diversity values with increasing total organic matter.
-Possible controlling factors include the structure of sediment and content of various elements of heavy metals, organic hydrocarbons in sediments which directly affect the growth of bottom living organisms. -The reference sites away from near shore also indicated high variations in physical and chemical environmental parameters, sediments and composition of benthic structure and generally fluctuations in numerical abundance and biomass of benthic communities.
-The previous studies of the area in front of Alexandria to Abu Qir Bay (EIMP 2002) indicated high diversity indices in the benthic communities. -Continued monitoring of these communities is needed to determine the short and long-term changes in the marine ecosystem essential for fisheries management along the coastal region.
